Impingement of Water Droplets on an Ellipsoid with Fineness Ration 10 in Axisymmetric Flow by Brun, Rinaldo J & Dorsch, Robert G
NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 
TECHNICAL NOTE 3 147 
IMPINGEMENT O F  WATER DROPLETS ON AN ELLIPSOID 
WITH FINENESS RATIO 10 IN AXISYMMETRIC FLOW 
By Rinaldo J. B r u n  and Robe r t  G. D o r s c h  
Lewi s  F l igh t  Propu ls ion  Labo ra to ry  




NATIONAL ADVISORY C OMMITTEE FOR AERONAUTICS 
TECHbTICAL NOTE 3147 
IMPINGEMENT OF WATER DROPLETS ON Ai l  EJ;LIPSOID 'WITH 
FINENESS RATIO 1 0  I N  AXISYMMETRIC FLOW 
By Rinaldo J. Brun and Robert G.  Dorsch 
SUMMARY 
The presence of radomes and instruments t h a t  a r e  s ens i t i ve  t o  water 
f i lms o r  i c e  formations i n  t he  nose sec t ion  of all-weather a i r c r a f t  and 
miss i l es  necess i t a tes  a  knowledge of the  drople t  impingement character-  
i s t i c s  of bodies of revolution.  B-cause it i s  poss ible  t o  approximate 
many of these  bodies with an e l l i p so id  of revolution,  drople t  t r aJec to -  
r i e s  about an e l l i p so id  of revolut ion with a  f ineness  r a t i o  of 1 0  were 
computed f o r  incompressible axisymmetrf c  a i r  flow. From t h e  computed 
drople t  t r a j e c t o r i e s ,  the  following impingement cha r ac t e r i s t i c s  of t h e  
e l l i p so id  surface were obtained and a r e  presented i n  terms of dimension- 
l e s s  parameters: (1) t o t a l  r a t e  of water impingement, ( 2 )  extent  of 
drople t  impingement zone, and (3) l o c a l  r a t e  of water impingement. These 
impingement cha r ac t e r i s t i c s  a r e  compared b r i e f l y  with those previously 
reported f o r  an e l l i p so id  of revolut ion with a  f ineness r a t i o  of 5. 
INTRODUCTION 
The da ta  presented here in  a r e  a continuation of the  study reported 
i n  reference 1 on t h e  impingement of cloud drople ts  on a  p ro l a t e  e l l i p s -  
oid of revolut ion.  The calcula t ions  discussed i n  reference 1 f o r  an 
e l l i p s o i d  with a  f ineness  r a t i o  of 5 (20 percent t h i ck )  were extended 
f o r  t h i s  r epor t  t o  an e l l i p so id  of f ineness  r a t i o  of 1 0  (10 percent 
t h i c k ) .  As mentioned i n  t he  reference c i t ed ,  a p ro la te  e l l i p s o i d  of 
revolution i s  a good approximation i n  t he  determination of cloud-droplet 
impingement f o r  many body shapes used f o r  radomes, rocket pods, and 
bombs. The da ta  presented herein,  along with t h e  r e s u l t s  presented i n  
reference 1, permit t he  est imation of impingement cha r ac t e r i s t i c s  on 
many of these  bodies. 
The t r a j e c t o r i e s  of atmospheric water drople ts  about a  p ro la te  
e l l i p so id  of revolut ion with a  f ineness  r a t i o  of 10 moving at  subsonic 
ve loc i t i e s  a t  zero angle of a t t a ck  were calculated-with t he  a i d  of a 
d i f f e r e t i a l  analyzer a t  t h e  NACA Lewis laboratory .  From t h e  computed 
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t r a j ec to r i e s ,  the ra te ,  the dis t r ibut ion,  and surface extent of impinging 
water were obtained and are summarized i n  t h i s  report  i n  terms of dimen- 
s ionless  parameters. 
SYMBOLS 
The following symbols a re  used i n  t h i s  report: 
d droplet diameter, microns 
Em col lect  ion efficiency, dimensionless 
f fineness r a t io ,  dimensionless 
K i n e r t i a  parameter, 1 . 7 0 4 ~ 1 0 - ~ ~  d2u/p~, dimens ionless ( eq. 1) 
L major axis of e l l ipse ,  f t  
Re0 free-stream Reynolds number with respect t o  droplet, 
4 . 8 1 3 ~ 1 0 ~ ~  dpau/p, dimens ionless 
I:) Z cyl indrical  coordinates, r a t i o  t o  major axis, dimensionless 
ro s t a r t ing  ordinate a t  z = - a, of droplet trajectory, r a t i o  
t o  major axis,  dimensionless 
r ~ ,  tan  s t a t i n g  ordinate a t  z = - w of droplet traj'ectory tangent 
t o  e l l ipso id  surface, r a t i o  t o  major axis, dimensionless 
S distance along surface of e l l ipso id  from forward stagnation 
point t o  point of droplet impingement, r a t i o  t o  major axis,  
dimens ionless 
'rn l i m i t  of impingement zone, r a t i o  t o  major axis, dimensionless 
U free-stream velocity, or flight-speed, mph 
u loca l  air  velocity, r a t i o  t o  free-stream velocity 
wm t o t a l  r a t e  of impingement of water on surface of e l l ipsoid,  
lb/hr 
W~ . loca l  r a t e  of impingement of water, lb / (hr )  (sq f t  ) 
.- - 
w liquid-water content i n  cloud, g/cu m 
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ro &O p l oca l  impingement efficiency, -F- T, dimens ionless 
p viscosi ty  of air, s lugs/(f t )  (sec) 
pa density of air, slugs/cu f t  
Subscripts: 
r r ad ia l  component 
z ax ia l  component 
C AUXJLBTION OF DROPLET T R A m  TORIES 
The equations tha t  describe the motion of cloud droplets about an 
e l l ipso id  a re  given i n  reference 1. A solution of the d i f f e ren t i a l  
equations of motion was obtained with the use of the mechanical analog 
(described i n  r e f .  2 ) based on the  principle of a d i f f e ren t i a l  analyzer. 
The procedure f o r  calculating the t ra jec tor ies  of cloud droplets with 
respect t o  the e l l ipso id  of revolution with a fineness r a t i o  of 10 (10 
percent th ick)  is  the same as tha t  described i n  reference 1. As shown 
i n  f igure  1, the ellips'oid orientation i n  the  coordinate system used i n  
reference 1 is  retained herein. Since a flow f i e l d  is  axisymmetric 
around an e l l ipso id  of revolution oriented a t  0' between i ts  major axis 
and the  direct ion of the f r e e  stream, the droplet impingement on the 
e l l i p t i c a l  section of a l l  meridian planes i s  the same, and the  impinge- 
ment character is t ics  of the e l l i p ~ o i d  of revolution can be obtained from 
t ra jec tory  calculations i n  the z , r  plane of f igure 1. 
The air-flow f i e l d  around the body, required f o r  the solution of 
the equations, was obtained with the  use of d i g i t a l  computers from the  
mathematical expressions presented i n  reference 1. The values of the 
air-veloci ty  components uz and % as functions of r and z a re  
given i n  f igure  2 f o r  comparison with the flow-field veloci t ies  given 
i n  reference 1 f o r  the  20-percent-thick el l ipsoid.  I n  f igure 2(a), 
u, i s  given as a function of z f o r  constant values of r, while I+ 
as  a function of r f o r  constant z is  given i n  f igure 2 (b ) . The ve- 
loc i ty  components i n  f igure 2 a re  dimensionless, because they are  r a t i o s  
of the respective loca l  veloci t ies  t o  the free-stream velocity; the 
distances r and z a re  also expressed as  r a t io s  of actual  distance 
t o  the major axis length L. 
The posit ion of impingement of cloud droplets on the surface of 
the e l l ipso id  i s  given i n  subsequent sections i n  terms of the surface 
distance S, which i s  measured along the surface f m  the forward 
stagnation point. The values of S a re  the  r a t io s  of the actual  sur- 
face distances t o  the major ax is  length L. The re la t ion  between S 
and z is  shown i n  f igure 3. The r e l a t ion  between S and r can be 
obtained from f igure 4 from the  curve f o r  1 /K  = 0. 
The equations of motion were solved f o r  various values of the pa- 
rameter l / ~  between 0.1 and 90. The iner%ia parameter K i s  a measure 
of the droplet size,  the f l i g h t  speed and s ize  of the body of revolution, 
and the viscosi ty  of the  a i r ,  through the re la t ion  
The density of water and the  acceleration of gravity, which w e  expressed 
as part  of the conversion factor,  a re  62.4 pounds per cubic foot and 
32.17 f e e t  per second per second, respectively. For each value of the 
parameter 1/K, a ser ies  of t ra jec tor ies  was computed f o r  each of several 
values of free-stream Reynolds number Reo: 0, 128, 512, 1024, 4096, 
and 8192. The free-stream Reynolds number i s  defined with respect t o  
the  droplet s i ze  as 
I n  order tha t  these dimensionless parameters h ~ v e  more physical s igni f i -  
cance i n  the  following discussion, some typical  combinations of K and 
Re0 are  presented i n  table  I i n  terms of the length and velocity of the  
el l ipsoid,  the droplet size,  and the f l i g h t  pressure a l t i t ude  and tem- 
perature. Equations and graphical procedure f o r  t ranslat ing the dimen- 
sionless parameters used i n  t h i s  report in to  terms of Flight speed, major 
axis  length, a l t i tude ,  and. droplet s i ze  are  presented i n  appendix B of 
reference 3. 
RESULTS AND DISCUSSION 
The re su l t s  of the calculation of droplet t ra jec tor ies  about the 
e l l ipso id  of revolution of fineness r a t i o  10 (10 percent thick)  a t  zero 
angle of a t tack are  summarized i n  f igure 4, where the s t a r t ing  ordinate 
a t  i n f in i ty  ro of each t ra jec tory  i s  given as a function of the point 
of impingement on the surface i n  terms of S. Each of the so l id  l ines ,  
except f o r  1 /K  = 0, i s  obtained from a ser ies  of calculated t rajecto-  
r i e s .  The curve fo r  1 / K  = 0 i s  obtained from the mathematical re la t ion  
between S and r f o r  an e l l ipse .  The dashed l ines  i n  f igure 4 are  
the  l o c i  of the termini of the constant 1 / ~  curves. As was the case 
f o r  the e l l ipso id  with a fineness r a t i o  of 5 ( r e f .  l), these l o c i  were 
found t o  be the same within the order of accuracy of the computations 
f o r  all values of Reo ( f igs .  4(a)  t o  (f  ) ). FTom the data  presented 
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i n  t h i s  figure,  the ra te ,  the area, and the dis t r ibut ion of water-droplet 
impingement on the surface of the el l ipsoid can be determined f o r  given 
values of Reo and K. 
Total Rate of Impingement of Water 
In  f l i g h t  through clouds composed of droplets of uniform size,  the 
t o t a l  amount of water i n  droplet form impinging on the e l l ipso id  is  de- 
termined by the amount of water contained i n  the volume within the 
envelope of tangent t ra jec tor ies  ( f ig .  1). !The t o t a l  r a t e  of impinge- 
ment of water (lb/hr) can be determined from the following re la t ion  
derived i n  reference 1:. 
W,=1.04r2 W L ~ U  0, tan  
where the f l i g h t  speed U is  i n  miles per hour, the liquid-water content 
w i s  i n  grams per cubic meter, and L is  i n  f ee t .  
The value of r O ,  tan f o r  a given combination of Reo and K can 
be obt-ained from fig&e 4 by determining the value of ro tha t  corre- 
sponds t o  the maximum 'S ( s ~ )  f o r  the constant K curve of in te res t .  
The values of roPtan f a l l  on the dashed termini curves of f igure 4. 
In order t o  f a c i l i t a t e  interpolation and extrapolation, the data a re  
replotted i n  the form of rg, tan as a function of K fo r  constant 
Reo i n  f igure 5. 
The accuracy i n  the determination of rO,tan from the calculated 
t ra jec tor ies  i s  about the same f o r  the l ~ - ~ e r c e n t - t h i c k  el l ipsoid as  for  
the 20-percent-thick el l ipsoid discussed i n  reference 1. For values of 
r ~ ,  tan  greater than 0.015, r was determined with an accuracy of 0, t an  
the order of ~0 .0003.  For combinations of 1 / ~  and Reo tha t  r e su l t  
i n  values of r0,tan between 0.015 and 0.01, the accuracy of rO,tan 
i s  within k0.0007. For reported values of r 0 , ~ ~ ~ < 0 . 0 1 ,  the accuracy 
i n  determining the tangent t ra jectory i s  somewhat indefinite,  but appears 
t o  be within k0.001. 
The ef fec t  of body s i ze  on the value of r2 fo r  selected cloud- 0 , tan  
droplet s izes  and f l i g h t  conditions i s  i l l u s t r a t ed  i n  f igure 6. The 
calculated values given i n  figure 6 are  for  e l l ipsoids with a fineness 
r a t i o  of 10 and major axis lengths between 3 and 300 fee t ,  f o r  f l i g h t  a t  
50, 100, 300, or 500 miles per hour through uniform clouds composed of 
droplets of 10, 20, or 50 microns i n  diameter. Pressure a l t i tudes  of 
5,000, 15,000, and 25,000 fee t ,  and temperatures (most probable icing 
temperature given i n  r e f .  3)  of 20°, lo, and -25' F, respectively, were 
used f o r  the calculations. For example, consider a 40-foot-long e l l ips -  
oid with n fineness r a t i o  of 10 moving a t  500 miles per hour a t  zero 
angle of a t tack at a pressure a l t i t ude  of 15,000 f e e t  through a uniform 
cloud composed of droplets 20 microns i n  diameter. From f igure 6(b) ,  
2 
'0, t an  i s  0.000056. If the liquid-water content of the cloud is  assumed 
t o  be 0 .1  gram per cubic meter, then (from aq. ( 3 ) )  t he . to t a1  r a t e  of 
impingement of water Wm i s  4 .7  pounds per hour. 
Extent of Droplet Impingement Zone 
The extent of the droplet impingement zone on the surface of the 
e l l ipso id  is  obtained from the tangent t raJector ies  (fig.  1). The point 
of tangency determines the rearward l imi t  of the impingement zone. The 
l i m i t  of impingement S, fo r  a part icular  Re0 and K condition can 
be determined from the maximum S value of the constant K curves of 
in t e re s t  i n  f igure 4. Again, t o  f a c i l i t a t e  interpolation, the data  a re  
replotted i n  the form of S, as  a function of K f o r  constant Reo 
values i n  figure 7. The data of t h i s  f igure  indicate tha t  the maximum 
extent of impingement increases with increasing K but decreases with 
increasing Reo. . 
Because of the d i f f i cu l ty  i n  determining the exact point of tan- 
gency on the surface of the e l l ipso id  of each tangent t ra jectory,  the 
accuracy i n  determining Sm is  of the order of +0.005. The accuracy 
i n  determining the  value of S fo r  the intermediate points of impinge- 
ment (between S, and forward stagnation point) given i n  f igure  4 was 
much higher, because the points a t  which the intermediate t ra jec tor ies  
terminated on the e l l ipso id  surface were much be t te r  defined. 
The ef fec t  of body s ize  on the value of S, fo r  selected cloud- 
droplet and f l i g h t  conditions i s  i l l u s t r a t ed  i n  f igure 8. For example, 
consider a 20-foot-long e l l ipso id  with a fineness r a t i o  of 10 moving 300 
miles per hour a t  zero angle of attack a t  a 5000-foot pressure a l t i t ude  
through a uniform cloud composed of 50-micron droplets. From f igure 8(a) ,  
S, i s  0.102; tha t  i s ,  the impingement zone extends 2.04 f e e t  rearward 
(measured along the  surface) from the forward stagnation point. 
Local Rate of Smpingement of Water 
The loca l  r a t e  of impingement of water i n  droplet form 
(lb/(hr )(sq f t  ) ) on the surface of the e l l ipso id  can be determined from 
the  expression /- 
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where j3 i s  the loca l  impingement efficiency. The values of /3 as a 
f w c t i o n  of S f o r  combinations of Reo and K are  presented i n  
f igure 9. These curves were obtained by multiplying the slope of the  
curves i n  f igure 4 by the corresponding r a t i o  ro/r a t  each point. 
Because the slopes of the curves of r o  as a function of S ( f ig .  4 )  
i n  the  region between S = 0 and S = 0.01 a re  d i f f i c l l t  t o  determine, 
the exact values of /3 between S = 0 and S = 0.01 are  not known. 
The dashed portions of the P curves a re  extrapolations tha t  were main- 
tained consistent with a seemingly reasonable pattern.  
Comparison of 10- and 20-Percent-Thick Ellipsoids 
Collection efficiency. - The collection efficiency of an e l l ipso id  
i s  defined a s  the r a t i o  of the actual  amount of water intercepted by the 
e l l ipso id  t o  the t o t a l  amount of water i n  droplet form contained i n  the 
volume swept out by the el l ipsoid.  In terms of the e l l ipso id  fineness 
r a t i o  f  and r2 the collection efficiency may be defined as  0, tan'. 
For the 10-percent-thick e l l ipso id  (f = l o ) ,  the collection efficiency 
may be obtained from the curves of f igure 5 through the expression 
= 400 rgatan. The resu l t s  of the application of t h i s  equation t o  the 
data  of fig&e 5 axe shown i n  f igure  10(a) .  Some curves f o r  the  collec- 
t i on  efficiency of a 20-percent-thick e l l ipso id  (f  = 5)  a r e  also shown 
i n  f igure 10(a)  f o r  comparison with those f o r  the  thinner body. The 
values of collection efficiency f o r  the 20-percent-thick e l l ipso id  were 
obtained from f igure 6 of reference 1 through the re la t ion  
- 
2 E, = 100 ro 
, an" 
A comparison of the collection efficiency f o r  the two fineness 
r a t io s  indicates tha t  the collection efficiency fo r  the two el l ipsoids 
i s  nearly the  same f o r  Reo = 0, except f o r  small and large values of K. 
For large values of Reo, the collection efficiency of the 10-percent- 
thick e l l ipso id  is  greater than tha t  of the 20-percent-thick el l ipsoid.  
The ef fec t  of differences i n  collection efficiency on the r a t e  of im- 
pingement is best discussed a f t e r  the t o t a l  sa tes  of impingement of 
water have been examined. -- 
NACA TN 3147 
Total  r a t e  of impingement of water. - For a given s e t  of atmospheric 
and f l i g h t  conditions and a major ax i s  l eng th  L, t h e  r a t e  of water i m -  
pingement is proport ional  t o  r2 0, t a n  (eq. (3) ) .  A comparison of t h e  
r a t e  of water impingement (given as  r2 ) is  made i n  t a b l e  I between 0, t a n  
t h e  two e l l i p so id s  of d i f f e r en t  f ineness  r a t i o .  The da ta  f o r  t he  e l l i p s -  
o id  with a f ineness  r a t i o  of 5 a r e  obtained from t ab l e  I of reference 1; 
whereas, t h e  r e s u l t s  f o r  the  e l l i p so id  with a f ineness r a t i o  of 1 0  a r e  
obtained from f i gu re  5 of t h i s  r epor t .  
The r e s u l t s  presented i n  t a b l e  1, show t h a t ,  under a l l  comparable 
f l i g h t  and atmospheric conditions, t he  r a t e  of water impingement i s  l e s s  
on t he  th inner  e l l i p so id  (major axes of two e l l ipso ids  a r e  t he  same). 
The di f ference i n  r a t e  of impingement between t h e  two e l l i p so id s  i s  much 
l a rge r  under combinations of f l i g h t  and atmospheric conditions r e su l t i ng  i n  
high r a t e s  of impingement than under conditions i n  which t he  impingement 
i s  l imi ted  t o  a region around t h e  s tagnat ion point .  For example: a t  an 
a l t i t u d e  of 5000 f e e t ,  a speed of 500 miles per hour, and i n  a cloud 
composed of drople ts  50 microns i n  diameter, a 20-percent-thick e l l i p s -  
o id  with a major ax i s  of 3 f e e t  would be subjected t o  a r a t e  of water 
impingement of over 3.7 times t h e  r a t e  of impingement on a 10-percent- 
t h i c k  e l l i p s o i d  under the  same conditions; whereas, if t h e  f l i g h t  speed 
is  reduced t o  50 miles per hour and t h e  drople t  diameter t o  1 0  microns, 
t h e  same 20-percent-thick e l l i p s o i d  would be subjected t o  only 1.2 times 
t h e  r a t e  of impingement in tercepted by a 10-percent-thick e l l i p s o i d  of 
t h e  same length.  
The use  of co l l ec t ion  e f f i c iency  i n  comparing impingement character- 
i s t i c s  of aerodynamic bodies is  very o f ten  misleading, as shown by an 
example. The co l l e c t i on  eff ic iency of a 3-foot e l l i p so id  moving 500 
miles per hour at  a 5000-foot a l t i t u d e  through a cloud composed of 50- 
micron drople ts  is  0.636 ( f i g .  6 ( a )  and eq. ( 5 )  ) f o r  t h e  10-percent- 
t h i c k  e l l i p s o i d  as compared with 0.590 f o r  t he  20-percent-thick e l l i p s -  
o id  ( r e f .  1). Although t he  co l l ec t ion  eff ic iency f o r  t h e  th inner  
e l l i p s o i d  is  1.08 times t h a t  f o r  t he  e l l i p s o i d  with twice t he  diameter 
(major axes same), t he  th icker  body w a s  shown i n  t h e  preceding paragraph 
t o  in te rcep t  over 3 . 7  times as much water under these  same atmospheric 
and f l i g h t  conditions. !This example i l l u s t r a t e s  t he  need t o  account f o r  
t h e  di f ferences  i n  t he  projected f r o n t a l  a r ea  of t h e  bodies when t he  
concept of co l l ec t ion  e f f i c iency  i s  used i n  comparing t h e  impingement 
cha r ac t e r i s t i c s  of two e l l i p so id s .  
Surface extent .  - The surface extent  of impingement i s  compared i n  
f i gu re  10(b)  f o r  t he  two e l l i p so id s  by comparing some curves of S, 
given i n  f i g u r e  7 with curves f o r  equivalent conditions f o r  t h e  20- 
percent-thick e l l i p so id  presented i n  f i g u r e  8 d f r e f e r e n c e  1. The curves 
f o r  low values of Reo a r e  very nearly coincident. For l a rge  values of 
Reo, t h e  rearward l i m i t  of impingement i s  s l i g h t l y  g rea te r  on t he  10- 
percent-thick e l l i p so id .  In terms of usual  f l i g h t  and atmospheric 
conditions, t h i s  means t h a t  t he  rearward extent  of impingement i s  some- 
what g r ea t e r  f o r  t h e  th inner  e l l i p so id  when f l y ing  through r a i n  or d r iz -  
z l e  ( t ab l e  I): but i s  very nearly t he  same when cloud drople ts  a r e  
encountered. 
Nonuniform drople t  s i z e .  - The da ta  presented i n  a l l  t h e  f igures  
and discuss ion a r e  based on f l i g h t s  i n  clouds composed of drople ts  t h a t  
a r e  a l l  uniform i n  s i z e .  As was shown i n  reference 1, ?;he t o t a l  r a t e  
of water impingement when a d i s t r i b u t i o n  of drople t  s i z e s  i s  assumed 
may be d i f f e r en t  from t h a t  obtained on t he  ba s i s  of t h e  volume-median 
s i z e  only. A comparison of t he  t o t a l  r a t e  of impingement i s  made here 
between t h e  10-percent-thick e l l i p so id  and t h e  20-percent-thick e l l i p s -  
oid, using t he  d rop le t - s ize  d i s t r i bu t i on  given i n  f i gu re  11 of reference 
1 and t h e  computational procedure described i n  t h a t  reference.  The 
volume-median drople t  s i z e  i s  again assumed t o  be 20  microns, the  ve- 
l o c i t y  200 miles per hour, t h e  e l l i p s o i d  length  1 0  f e e t ,  t h e  pressure 
a l t i t u d e  5030 f e e t ,  and t he  temperature 20' F. On a weighted bas i s  and 
f o r  t h e  pa r t i cu l a r  drople t -s ize  d i s t r i bu t i on  assumed ( f i g .  11, r e f .  l), 
the th icker  e l l i p s o i d  in tercepts  about 3 . 1  times as  much water. On a 
volume-median bas i s  (wherein a uniform drople t  s i z e  e q ~ a l  t o  the  volume- 
median drople t  s i z e  of ' t h e  d i s t r i bu t i on  is  assumed), t he  th icker  e l l i p s -  
oid in te rcep t s  2.8 times as much water. 
CONCLUDING REMARKS 
Because t he  drople t  t r a j e c t o r i e s  about t h e  e l l i p so id  were calcula ted 
f o r  incompressible f l u i d  flow, a question may a r i s e  as  t o  t h e i r  appli-  
c a b i l i t y  a t  t he  higher subsonic f l i g h t  speeds. As was discussed i n  
reference 1, the  e l l i p s o i d  impingement r e s u l t s  should be applicable f o r  
most engineering uses throughout t h e  subsonic region (a l so  see  r e f .  4 ) .  
The da t a  of t h i s  r epor t  apply d i r e c t l y  only t o  e l l i p s o i d s  of revolu- 
t i o n  with a f ineness  r a t i o  of 10.  The cautions presented i n  reference 1 
regarding the  extension of the  da t a  presented i n  t h a t  r epor t  f o r  t h e  20- 
percent-thick e l l i p so id  t o  bodies of other shapes a r e  reemphasized here. 
In some cases, where t he  body is  of d i f f e r en t  shape, it may be poss ible  
t o  match i t s  nose sec t ion  physical ly  with t h e  sec t ion  of an e l l i p s o i d  of 
se lec ted  length  and fineness r a t i o  f o r  which da ta  a r e  ava i l ab le  here in  
or i n  reference 1. S f ,  i n  such a case, t h e  contr ibut ion of t h e  a f t e r -  
body t o  the  a i r - f low f i e l d  i n  t he  v i c i n i t y  of t h e  nose of t h e  body i s  
small ( as  it of ten  i s ) ,  then t he  impingement da t a  f o r  t he  matching por- 
t i o n  of t h e  surface  of t he  e l l i p so id  can be used f o r  determining t he  
impingement cha r ac t e r i s t i c s  of t he  nose region of t h e  body. I n  other 
.- - 
NACA TN 3147 
cases, where t h e  body shape d i f f e r s  from t h a t  of an e l l i p so id  but t he  
f ineness r a t i o  is  t he  same, t h e  air-f low f i e l d  may be s imilar  enough 
t h a t  an est imate of t he  t o t a l  catch can be obtained from t h e  e l l i p s o i d  
data .  I n  t h i s  case, no d e t a i l s  of t h e  surface d i s t r i bu t i on  of impinging 
water could be obtained. 
Lewis F l igh t  Propulsion Laboratory 
National Advisory Cornmitt ee f o r  Aeronautics 
Cleveland, Ohio, February 25, 1954 
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Envelope of tangent 
tra,iectories ----I 
Figure 1. - Coordinate system f o r  droplet t ra jec tory  calculations about an e l l ipsoid  of revolution 
of fineness r a t i o  10. 
Z 
(a) z-Component of air velocity as function of z for constant values of r. 
Figure 2. - Flow field for 10-percent-thick ellipsoid. 
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(b) r-Component of air velocity as function of r for constant values of z. 
Figure 2. - Concluded. Flow field for 10-percent-thick ellipsoid. 

(a) Free-stream Reynolds number, 0. 
Figure 4. - Starting ordinate as function of distance along surface to point of impingement. 
( b )  Free-stream Reynolds number, 128. 




(e) Free-stream Reynolds number, 4096 
Figure 4. - Continued. Starting ordinate as function of distance along surface to point of impingement. 
( f )  Free-stream Reynolds number, 8192. 












Major axis length, L, ft 
(a) Pressure altitude, 5000 feet; temperature, 20' F. 
Flgure 6. - Square of starting ordinate of tangent trajectory as functior jar 
axis length of ellipsoid. 
2 
tan 
Major axis length, L, ft 
(b) Pressure altitude, 15,000 feet; temperature, lo F. 
Figure 6. - Continued. Square of starting ordinate of tangent trajectory as func- 
tion of major axis length of ellipsoid. 
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6, tan  
- 
Major a x i s  l eng th ,  L, f t  
( c  ) Pressure a l t i t u d e ,  25,000 f e e t  ; temperature, -25' F . 
Figure 6. - Concluded. Square of s t m t i n g  ord ina te  of tangent  t r a j e c t o r y  a s  
funct ion  of major a x i s  l eng th  of e l l i p s o i d .  

( a )  Pressure a l t i t u d e ,  5000 fee t ;  temperature, 20' F. 
Figure 8. - Maximum extent of impingement zone as  function of major axis  
of e l l ipso id .  
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(b) Pressure altitude, 15,000 feet; temperature, lo F. 
Figure 8. - Continued. Maximum extent of impingement zone as function of major axis of ellipsoid. 














Distance along surface t o  point of impingement, S 
(d)  Free-stream Reynolds number, 1024. 
ro dro Figure 9 .  - Continued. Local impingement efficiency: p - -E- aS. 
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